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i>f^i.k^^^^ UNION CARBIDE COR- 
JruRATZON» a corporadon argsmized gnd 
existiiag mider the law3 of the State of Nw 
Yoric^ United States of Amftrka, of 270 Park 
Awn^ New Yotk, State of New York 

^?^^^^5S?l^*^ America, Gwrfgnee 
of ROBERT CLARK TQCE^ JlLj, d& 
hereby dedaie tlie laveiiiian, for wmch w 
pxay thpt a patent may be granted us, and 
the mediod by wtJcb it is to be perfotmed, 
tQ be pardcular^ described In and by tbe 
foUowing Btatameat: — 

This inveiiiiQn felati^ to a process for 
producing a metalttu^gically sealed coating 
woicii effectivdy psotects a suitozEte fcom 
Qzidatinx and/or CDnodon attadc 

The most commoi^ type of raaoslve attack 
of metal alloys^ such as nickel and cobalt base 
supcralloys, is, of coarse^ eoddation in air. 
This ptobkm limits die t&mpeiatnie at wh i^b 
uttprot&cted alloys can be pracdcally -used to 
vabies lower than di^ dictated by loss of 
TUlftrhflnicql fiirftngth Vjiixh increasing tempers- 
ture» Other types of corroaye attack may abo 
occur wMch ptoHHt tbe tee of an alloy with- 
in a g£ym tenqKzatore xange or aWe a 
certain teoipciatuie. For example* fit^Mxalli^j 
parricularly tiioBC tvith a nickd bas^ aie alib- 
is to mat is commonly called "bpt com- 
sion" and "eqlfidation'' at bifiexmediate tenv. 
peratUEca if -yazions Balis otr sdUur aze pzesent 
in die high temperature environment to wMch 
tliey are exposed. It is well known diat the 
UGeftd fife of an alloy at a given tenmeratnre^ 
or the upper temperatore at whidi it is use- 
fol^ can be extended by the appIZcatton of 
pmlBCthEFe coalings. 

Hieze ate many excdlent coatLags available 
for providing a metal alloy sobstiate wzdi a 
s mf a c e iiaving specific chazactedstics soitable 
for a particular* end use appncadozi, Tl» 
coanng may be applied to increase the w gq r- 
rcBistant chazaaezzstzcs of the substrate;, 
decrease tbe contact-fdction chaiacterifitics of 
the substrate, riectdcally or thennaUy insulate 
the «ubstza!e» or protect it icom. osidmion or 
otitocprrostve atmdc. Alany sudi coatisgSTj 



plasma deposited and detnnadon grai coatinEs. 
and thereby allow liquid or gaa meditams in an 
end nse envixonment to permeate to tbe sub- 
strate wbere the medrnm can attack and 
corrode the substrate. Thus an otherwise per- 
fecdy good coaxing for a particular purpose 
m^be ihefifective di« to inherent poroai^. 

The most commonly used coatings fox 
supe^loya for corrosion resistant applications 
ace tiiose of the aluminlde type winch are 
Pptocfid by die dfffDsion/xeacdott of 
wunanmn wxdi die satfeoe of the alloy. How- 
evBTa in recent years die service requirements 
demanded of aOoys have increased and as a 
result complex^ muld-elcnient coatings have 
become popular*. Moreover, since tile ooattng 
h fonned by leacdon widi the anbstrate, the 
xnedhanical ettengtfi of die substrate is effect 
tivdy lowered by die leductioaa in cross sec- 
tion of die uqaUeied anbstxaie;. This has be- 
come a severe problem la tiun-^ction. apidic^ 
tions such as torbme blades. 

Semal methods are available for pro^ 
dndng complex coatings, but all axe eatpei^ 
sive and some are limited to binary or temaiy 
coatmgs. These meihods indude die siuccessive 
Bp|>licatiM of single-element layers of the 
various components of the coatmg by eleo 
traplaiin& immcision in molten metal^ pack 
oementatioxi} elcctro^iore&b, or a ccHnbiaadon 
of tiiese medwds. Uaoalfy these l^ers sa» 
then diffused tngedier by Tigy it fT ig tne com- 
ponent to an eievated ten ip erai m e in an inert 
atmospliere. These tedmiques are espensfve 
because of dse multiple processing steps in- 
yolved and they are nsoally limited to coat- 
ings two or three elements applied as single 
elements. A more sc^khisticated mediod^ 
pi^sical vapor depositioiij is capable of 
dggositing multiple element coatings in one 
st^ hot is extremely expensive because, 
as^fflg other things, it mu^ be done in a 
hifiji vacuum. 

- the inherent porosicy of coat** 

mg?> several metiiods have beoi develc^d 
for scaling such coatings so as m pzovidb an 
effective barrier to pmtect £be substrate ftom 
attach by coziosive elemems. Doe socfa 
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<5 eowroamtatB. This tedwim^owf ^^w.^^^^ wtosion of aa unc^d 

S ev«i Kqtaas a deHcate proce^wo^rS SfJ^'al would begiD and mSSv 

Inflltiatiqff the sealants ^Hle^^'^S! ^ ??mPttaniwTa fticSto^ 70 

fe'^^M^ '^'^ ^y^^v^"^*^ ^ arddes under luch cSn^ 

eoviromnaws wherc^ would v^lS ^>Snn,'^** ^° ''^ admirably s«Sl fc^ 
coi^Me, QSidize and/or melTlt W ^ te^S^,^^*'^ a seme^^stoj 

cwnpound Hat wiU effectively boi5 t« tilZ ^S?^' „ on 

technical and economical draWba^^f ^ ^tiS!lf 9^ rate titled 'Trhe T&o^ 
35 J^?'.^"*^'*^^"^ directed t?l^^cS T^^cSw^- " ^ Alloys-^^bv 

at J«ist two inatcriab widch are dcpoSted ^ Sa^ S"*^ and abcrc the 

the nnieacced state sa that trfiwr^fe^S tW^J^^^SL^P* ft«e enersv 

• ^ atmnsphoMsi a reaction/diffusion wninnTS ™ ^ ^? eoatma thfa odditioaal enetsy 

'iriihthesAstiata^fc pS^Ka aid^^ Conventional olSSL 

45 notbe afiected oTWuced. """"^ ^ of thennal wtpansien thai 

jnns inventfan is directed to a pioeess foe ^^Zi,^^- ^^^^ «"i thus wlien a Ho 
produong a mstaOniaicallT saS^^Sw,-™ owted substrate is heated, the coatiae tends 

fer landneMg a coating by simutaSS ^c^w^ «"'^^<=«'- M"'*^ 

50 dtgrositLos by pJaamarsplgTOaE^^^.^^ , J^, pxobleni is conqiounded by th« 

layer of miitimwr^^Tf^S^S^i^ ^'S^* ««<l?al tensile sntss femenily imS* 

ma««lab, ea^nSTs^ S^Z^/f ^ coating. D^th?h^ 

teast one of tht gnops cm^^^BfT^ia «^ the metaUnrgEcal coailtig of this 

55 a substanoaUy rnieacted states andA^^ S^^S/jz?^ between tile matedals lends 

snbjecting ti» lispositEd l^to^ H-i^^ residual sm&s, and on ™b- 120 

for a tiote period sEmto ^/ ffi„^*^™?f^'*^^ suterato 

« Jt^c^'ti^^^f-^ ^^"^^ « aheann. alon. the bond 

•faalialty femogeoeonra^^d/L iiSSr i,^™^?* «^Pl« <rf s^bstratt materials used 125 

inetaffic.lJecolSi^p„,du^d^^^ec^ t^^S^''^ ^T^'Tl^'? ^ 
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copper base uOq^, dbxotmuxn, cteomium 
base aUoys^ xefractory meW^ a&d xebamev 
xneml base alloys. ^ 
The cpatmg of this mvmtiim nmst be 

5 coipposed of at least twD materiab, each of 
whidi IS selected frozn at le&st ous of the 
gwmps consisting of elemental metals, afloysj 
and mtennetallics (compound mml^ in which 
the atoms have a djgtioct spatial atrangeanent) 

10 and sadx <aatexia]8.imi8t be deposited on the 
substcajft ia an unreactcd states e-g-a an mtei!- 
itt^g lameUar structure cnnmosed of stoats 
of the zndividQal xnatedals. ThA setectioa of 
the two or loore matedals for the coating is 

15 jnipOTtant siofae fSiSf mast react/diffuse to- 
gether St an elected teinperatuxe so as to 
fom a substantially homogeoeous aHoy and/ 
ox inte rm e tatlic i be conqjatible with & sub- 
strate sach that they form a good bond while 

20 not sigaificantt^ interdiffusing with the sub- 
strate b«n^ sut^fected to a heat tzeat- 
ment or when subjected to a particular end 
rise enTOonment^ and after leaetion/diffasioii 
has oocucittdji diey must be capable of f onning 

25 a substan tjaBy effective barriex between the 
™»tiute ami ^ any cocroaive type medium 
iliat xoay eatbt in its intended ^^^15^ us environ- 
menc. The as^posited mimz« of elements, 
alloysj or zntennetaBic? will have aa iofaesent 

30 intetconnected porosity offering a duect 
access to 1^ substrate for enTironmental 
gases. However, dmang the heat treatment in 
a noz^oxididng atmospliete, this porosity wJU, 
for the most part, be elig;unated and any 

35 small Booimt of porosily remaining will con- 
ast of closed pores. Thus die reaction/diffu- 
sion that occtos dnrntg the heat tzeatmeat 
la a son^zidising atmosphece wOl efiSeccive^ 
se^&e coating and pttuvide a barrier fbr the 

«l substrate by eh mmnti ng aay direct open paths 
^ ^^^osive gases between the sobaixate and 
the eavirtmment. Alfhou^ a substantially 
homogeneous aUoy or intennatidlic may be 
fonned at the elevated temperatnte during 

43 the heat troatment, a predpxtatzon may occor 
dnxing cooling tp ambient nanpemtuie where- 
by the predpitate would be dlstdbuied in a 
solid w alloy matiiy , such predpitate being 
an aUoy or intennetaJlic ^cscasd &om i1k 

50 deposited matrgats of the coadng, AJsow a 
uassient fntenmetallic may faem dming ihe 
heat treatmezit whidi would la o iiveil to an 
aHoy upon compledan of the heat tteamient. 
Thus at any particular time during the heat 

55 treatment, an intetmetallic compoisid and an 
allojj, bath formed fcom the materials of tlie 
coatEOg;^ may cgdst simultaneously. However, 
m the prefeired etobodiment, a coating com- 
X>osed of a substantially homogjeneotis allay or 
60 xntermetallic wocid be desiraHe althon^ a 
coadng composed of an intermetallic com^ 
pound distributed snbst^tiaUy thrtn^^ioixt an 
alloy matrix would be snitahile in cer^mj^iili- 



^ The usefql Hfe gf the coating can be p^ 



Icmged by incorporating into the coated layer 
discrete particles of metal oxides. The dis- 
^tsim of metal oxide particles throughout 
the coated layer is beKevcd to substandally 
leduce spaUing of the protective scale on 70 
the coating when used In its intended service 
enviiomncni^ and also it is believed tiiat such 
particles reduce the diffuaon rate of some 
M the dements in the coating. Bxamples 
of some metal osides indnde such com- 75 
pounds as ahmjina (AIfiOo% silica (SiOX 
^mm^iam sesqoioadde rCr^O^O* hafninni aside 
(HiO:^ zirconhmi oaide (ZrOa), magnesium 
oadde (MgO), yttrium made (y,0»>, rare earth 
oacides^ and titanium dioxide (TiOs)* The 80 
metal oxide partides should be azed between 
abort 0.01 micron and about 50 micmns. 
Preferably between about 0.1 and about 1 
imcron, and occupj between about 1% and 
about 75% by volume of the ooatins com-* 85 
poation. preferably between about 2% aad 
aboirt 55% by yohunfi, to provide the jieoes- 
saty^ improvement in the useful life of the 
coating m its intei^ded environment. 

The heat treatment and temperatnre 90 
retired to achieve substantial homogenization 
and sealing during the reaction /diSasioa step 
axe a fnncdon of the materials of this coating. 
It 19 easentEal^ however, that during depo^tion 
b^r plasma or detonation gun *«^hT »f!T>i fg a 95 
ti^mimmn of oxidation of the materiaia oocnrs, 
and that the es-deporited eomposition consista 
of a mechanical mixture of discreb^, essen- 
tially Tinreacted materials. If tbese require- 
ments are not substantially tnpt;, the inter- 100 
action between the mattrials duciag the re- 
action/diffuaioa step wiU be impeded and 
oom|dete sealing -mH not occur. Af»fio^igb 
a^idiffasion between the coating and the 
substrata abotdd be very small in most cases, 105 
a mi ncMf a momit may tend i» increase the 
bond stm^UL 

The partictdar materials sdected for coat- 
mg a sabsttaCfi should^ after the reaction/ 
diffusion st^ be resistant to the corrosive 110 
medium^ that win exist in the intended end 
use environment of die coated substrate. In 
some applications the selected rcsacted coat- 
mg material may not possess die cpxrosion 
resistant charac^stics necessary for a parti- 115 
cmar end use applicatira and therefore an 
ad rt ft fo nnT process step may be reqiiired for 
aihandng sndi diaracttdstics. A com^-^ 
tional osidiztng, carbnrizing;, nitczding:» borid^ 

silidding <Hr the lifce, st^ niay be 120 
smaaent to develop a corrosion xeststant 
oadde^ carbide, nitrid^ borxde^ siliride^ or lie 
lik^ respectively, on the top lawyer of the 
coating. This process treatinttit may be 
^tti ed out m a conttolled eavironmeut under 125 
partial pressure conditions so as to react only 
ope of the matedals in the coated layer and 
ttertby control the fDctnation of die layer 
thi dmes s on the substrate m a be^^ suffieSent 
to protect the snbstfate agamst corrosion in its 130 
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Mtttdod miranineiit If tbe end use or 

Suitable matcdals for use in rl,*. ^t»^ 

taQtBlimt, titanium, zfat manmoest ^ 
comum, vanadium, md%iSl^63^l 

15 socb as Miclttome (Registered ^^dT^^ 

tibc pmposB of this mveSSi, ySib^ 
25 "L*"* «f the rare 'eim^MiL 

25 Any artban can detenniae tie chm^of 
tt« CTaasd materids tiat can be 
m an mreacted s&te and tfiettafttttaS 
J««g,^^ to a heat rr^^%^ 

mpcrvxous ccwtma once the 
a&smnie u sdectei and Hie Sjadod ted 
''»™w«»Mneat is known. «in 

TlMs totol con^oation of the coatings i^^ 
lie of the inirtnie of demecte ^^TO 
SJL5SJ«'3'^ °« PIS' W^a 

rarrMiTO le^tent coating, but aI$o resultt 

wbwcatt dnrmg teat treatment or setvice. For 
itfi during the appKcaiioa or heat fttei^ 

1,a» stipwalloy, the coi»wjnt£ NiAl 

eulMtRte. Hub results in a coi^lex 

45 TOth the fonnation of a colomnat anavof 
phases petpeodicular to -ri»s surface and a 
wealasning of tie snhstrate to rignificant ^th. 
As pntvMjusfr seated, on components with a 

•m SH.?^? this can lead to a serious 

Affijfiion loss can be avoided by ch^singa 
total coannff conroosition in wbieh tiie &al 
diemical potential of M in the costing is 
app«namattay the sams aa the pot^M of 
55 Ni la the substratE. At the sai^ time ibt 
coanng- compoaltion may inchide oiiier elc 
mente to^ earemely low difiusion Eate$ 
■srtuch gESMiy increase die coirosion redstanoe 

rffliBCotttinei but would have Utde deleterious 
00 effact on the mechanical properties of the 
a^ttate. An epmpto of this would be the 
aacbaon of ytmnm or some other rare eatdi 
jTOta^ tft a con^Iei coating dedgned for 
Siawralloya. The rate earth tnetal would te, 
«5 main m the coating eidier beesnae it was 



ly^39,947 



or oecanss Ja diffusion rate in the man^ 

^tffjB.on step of the oroccas. A swxS^^Z 

*JaSS jS?^ layer is" i» be' 

^daed, oibjmzed, nitride^ ^dedL 

a»*^tJonal procesains 
te«P«qi«B can be toed. For esa^plT^ 
w«me «n be by txpo^^fj^ 

SJ? ^.J^? ™» Hi m such'nuios that 
the desired component of the CDatiM & o^ • 
g^d, such.as alumimnn in T"^^ 
CMOnrnHn-aluminmn coatfng. NitridJair ofi*K 
top surface of the coaSf a^^^^. 
Phshed by e^amg the fitting to niSX 
or anmonk at elevated temperatoies "Sa loo 
top Burfece of *ecoadng could te^^Sd 

pUshBd by convwuional techSqucs. The i(« 
^e of formation of the o^dd^^tride, ^ l»» 
fede. sihade or bo«de layer should iTsnffl- 
^ to produce the desired corrosion le:. 
MfflBntrtaraoEristics necessary for die coatio* 
«htt It « exposed in a particular environ" 110 

i.Jl^^^^y ^}'^ "ul* be protecKd 
^l^^^'HS^ * ««*>°S composition- 

Sp^fically, substrates, composed of Fe, Ml 

^ enhanced by the j 15 
IppHanon of coatmgs of the twpe 

P-^r-7»,«sP«aively. Oflier suitable coat- 
"EBsncbKlc Nt-Qw^, Co— Cr— IL 

Si-^ and Fe^^Qw-Si-^ ^ 
rags, the ahnninnm proportion could -vary 
ftom henveen about 8 w/o and about 25 wt/o 
tte coatmg composition, ilie dnomimn be- 
tw««n aboot 10 wt/o and about 25 wt/o the 125 

coBtmg conqscwtmn with the lemainder either 
ni<«^ inni or cobalt. When a rare earth ele. 
meat, such as yttrium, is inelnded, its propoc- 
tion coiJd vary from between about O.OI 
wi/o and about 5 wt/o the coating composi- 139 
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tion. Lifcewise, if silicon is iodaded ax the 
coating composmoD, it could be present in an 

5.0 wt/o tlie coatmg composiiiott. To achiero 

2^k!S1^*^ ^ compatihte with 

siAstrates however, aiqperior oxidatian la- 
swtance tnay be addevBd with some other 
cwntalatiQn. Another generd ctesB of alloya 
S^^,^*^ protected by tht process if 
tins mvemfon are ^ lefcactoiy iSejals Or, 
Nb^a, and Mo for which varmns siHcid^ 
CQanngs have^ been shown to provide good 

cwitai^g SI and at least one maiaM 
selected fcom die gronp consJstme of niobiim>. 
tnn^ten, chrotfiiuni, titamum, vanadh^ 
atarumm^ boron, irotj, and manganese; LiS! 
VfisQ^ it has b^CT found that copper subsctates 
ran be protected by an almnimSrand coDnex 
base alTojr composirian applied in a«!coidm« 
witn this invcntiQu, 

TThe firat $tep in the appEcaticm of this in- 
^Mition to a particukr fiubstme is to W 
stiect thepptimnna total compesitioii for the 
V» the requi^ 

metjts for oxidation reaiatance aiwL if required 
tea nmiimum of intfiracdou vntfa sub^ 
tot^. Each alloy in^ requiw: a slightly 
di^ent coating oompoaitW'tD opdn^the 
tumitaieot of these rcqtatemetits; nonetiieless 
excenent s^ice fcr ^ number of tOfferent 
^^A^ be achfeved with a singb coating 
Thedtetee of opdmiation that may be pSi 
totmcd, prmcipaUy empMcalhrj before select- 
mg a Gpeafin compositiQa wifi be dictated "by 
teecononucs of the situation- The total 
coimoaTOn la then divided into at least two 
porciftiift, eTe m fg ts or aHoys. This division h 
cased on tl» congidexation of di&^ rates 
to nummiae the xequhred end/or tem- 
petatnie for the heat treatmfitit. These por- 
jona are then produced in powder form and 
deposited on the substrate, plasma deposJtian 
as essential to this step of the piocess, beSuse 
It r^lts m a dense, finely dispersed xnfactiiw 
of the componems ideaUy suited for xapid 
homogenisatioa and seafing by diffufiOT. 

* negSgible amocmt of oxidation of 
ffie powder particles occucs durinff the deposi- 
tion If suimblfi techniques are employed. 
I^^Iamei^praymg or detonation gm techniques 
could be employed to deposit the matetiBfi in 
a fcKly dispell manner, but are not used m 
this inventiDn because such techniques are not 

' T fftmn ie as plasma dq>osin"on techniques, 
. ™ coitoaon icsistant coatine is 

jmended for weax-reastant appJicaiion, such 
as m bearmg api^cations, dien wear-reafetant 
iard parttcJes sized between about 0^ muzon 
and about 10 microns, preferably between 
about 0.1 and about 1 micron, have to be 
dispersed throughgut the coarrng. The Jiard 
partide^ whidi «hould be added m gnffif^^*fl^ 
qnanti^ so that they wHl be sabsttntiaay 



tmifojniy disposed throughout coatin& 
shOTid occupy between about 5% and abo^ 

nlUS ^ compositian, 

preferably between about 10% and 55% bv 
^^ggme. The hanl paitides codepiSited 
with tte^ material of the coating so^lS 
after^ tie tegnited heaTteatmenL i 
sealed coating havm^ a substantially homo- 
^Wo^mJSs ^S^substantial^^^iftS 
£spcrsed weaxvmaistant p^d^^^ 
|?5??^,2f=?^\ between about 5% ^ 
about 75% by Tohmie uf the coati^ and 
sized between about 0,01 ^cr^ and 
about 10 microns. In an end use ^er^ 
^™t, the coatine^ matrbc^'*^ 
S?lxi*^°^ coniact with a matmg pit 

J^m^y dispersed metal patticks. The^ 
segments of paxtides on the top of Se 
^a^dlay^ wm ptqWde good wear^SisbtSt 
ctaractensties foe the coatShg and in addi- 
tion, as such partidea weai^ new pariidea 
bccmne e^sed fiince accoxding toiSs ^ 
^ substantial^ miifbtinly 
d^parsed throughout the coating. ThT^Sk 
of this m^ntioa wiU have, after the heatttSt- 
Mffi, a density Qf greater than about 90% 
^^SS^^ density .and essentially ^ 
^^^^2i*i?^ pOtosity i«maining after 
^h«^t ttortzneat will condsCfoTi^ wiost 
P^ of dosed pores thus eUminatrnt the 
mhttTM: .mterconnecoed porosity of ^ima. 

d^oaite. The partides will be Miwly 
en&eddftd m riie coatmg mattbc and little m 
^^^Umg wm oeoar in wear-iesistant appjs! 

partides for use in 

botides, metal nitrides and 
inetel sihodes m any conflsinatibn of xniacture 
thereof Examples of some metal oxidisa 4*, 
dude wt^ con^jounds as ahmaina (AlaOA 
ali^ CSiOiO> chromxmn sesqmoxide fcScx\ 

BM) zummma oxide CZrOA stannic oxide 
^^^^^^J*?'^"^ (MgOX yttrium- 

5?*^^ OTA,) rare earth oxides, and titanhnn 
dioade CROiO in any and all mixtmes. 
Snjtow^ metal carbides xndude silicon 
*=«™™ (SjC* carbide (B*Q, hafiinnn 

carbide (HfCi columhiuni carbide fCbCV. 
tenmhm carbide (Tap), titanium cbrbide 

^^^fST^ "If*^? molybdenum 
carfade (MOsC), dirommm caiHde (Cr.C=) 

e metal 



70 



75 



80 



85 



90 



95 



100 



105 



110 



115 



g^, tefigsten carbide (WC). Suitable ™«i 
bonder mchide titanium boride (TlBX, aiiu 
«™ f^J* oolubiin totide 

b^^ (WB^, mntahmi bo^de (faB«) and 
ctonmim bonde (CrB). Suit^e metal 
mmdes mchide ahwunmn nitride rAlN). 
smcon^ nitrae (Si^NtX titamunt nitiide 
ffio^nm n^de (ZrN), hafnium nit^ 
(Haj), T^dmm mtdde (V]^Q, niuhium 
mtnde (NbN)» tantahnn mttide (TaN) and 
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^S^^ ""^Y^ siutabic mdd^ 

foUowmg Esamples 1 w 6, S and 9 
flimtrate the i^iveiitian but nTc intSSed 

» licat It in any way. Example 7 is included 
for purposes of iUustmdon only. "^^^^ 

^ , ^ EXAMPLE 1 

NOqybndrical measuring 1/4 Jnch di&- 
metep by 3 ixdias Icings ^h^^ 

compDfiibous shown in Table 1. The goaiiQl 
Mi^oBition was a nuxture of pure alnminuin 

piiwder (Nt-^ wt^o Cr> sized 325^to 
nesb and finer, the ptaportio^ of 
al™taum to ^ alloy ate shown in Tabia 1. 

^ ^ TABLB 1 

W^o M Wt/o Ni— Ct Alloy 
80 



A 
B 
C 



20 
30 
40 



70 
60 



Eacai of the miaasd powders was pla^xia-' 
depoated oa the drcmnferccLce of one of the 
pins for a length of 2i inches and for a 
thidoi^ of 0.004 inch. The coated mas 
were then heat txeaud m a hydroaea atmo! 
^re «t UOO-C for 6 hou^t? 
laiey CToled to ambient tenxpecatme. A metal- 
tograplac esammation of pieces cut 
^om the ht^t treated coated pins jshowed diat 
coating A had fonned a solid coadii& with 
^ ess^tiaUy two-phase atnicturef ^ 

y J<i(Cr)aAL and y aie ctystalline stmo- 
toes whet^ Ct is substimted for some of 
the Ni In die aystalline latrice of the inter- 
metelhc compound. Some Cc was dissoW in 
each of the above phases and a portion pce- 

Or solid sohmcn eadsta when a solid Cc 
matax has dispecsed tfaroughnut it in a 
ratidom manner, otlier dements^ Thete was 
a n^^Me amomit of interaction with the 
5Ubstrai5i. Cbatmg B was also a solid ooat- 
55 !S^^*^^£?^y«^l^d/*Ph^^adl3. 
» persion of a £auntd on coolink However 
some mteractfaa widi the sJStrare had 
Gccuired, foittmig a multiple phase cohmmar 
zone at the substrate $uz£&ce. CoatiHE C was 
smiilar to coating B but the cdum&r zone 
was w ider and a new zone of pm© fl had 
grown between die snbstrate and the orighial 
ooatmg as a result of the division of M oIS! 



€0 



waid and Al mward. In aJI threa coatinss 
virtu^ly all the porosity was elimina^ a1 
ftree coatmgs were oxidized at'l200^C for 
lOO^ours m dry air- All thtee formed a pro^ 
tecoTC exterior scale of what appeared be 
almost pure AkO,- Although j^t of 
Pbafie was converted to or v HSIi solid 

SAllf^ ^ oxidation; ihS 

EXAMPLE 2 

Wo La, rHnaiafier jS) %iSwc^''^ 
raeaaunng the aame as io Example 1, Q 

powder aid Nl-Cr allcry powder (1^20 
Wo Cc). lie mixture contained 10 wt/o 

sized. 325 Tylet mesh and finer. After a thick- 

of 0^03 iadi ^^deporited, the 
pm WM heat ueatcd to a vacuum for 4+ 

was thisn subjected to a. cyclic oxidation test 
wliereapon it was heated for 2\ Hours m a 
furnace at IISCC followed by" exposurt tp 
am^t tempwatqjce for i hour. Afwt being 
cydicany oxidized for 120 hours, the coaled 
pm WHt ttatiCBlhr oxidized for anodier 120 
tours at 1150»C. A mctallograph esamina- 
iton revealed that althoogh the ahaminum 
oonceattation was too low to form much 
beta phase dunn^ the heat treatment* the 
coatujs was compleaiy sealed and fwined 
what apeared to be a pure ALO3 scale dnrine 
pxidauon vjich prevented any detected loss 
m coating thidmess, 

^EXAMPLB 3 

superaUny (known as 
B1900-^.O Wo Cr- 10.0 "^^^ Co, 6.0 
wt/o Mo, 1.0 wt/o TU 6.0 wt/o Al, 0.015 
wc/o B O.IO wt/o Zr, 4.0 wtVo Ta, 0.10 
WO Cj remainder Nx) cylindrical pin, 
measunng the same as in Ezample 1, was 
piasma sprayed with a mixture of powdisrs 
Esample 2, After a coating thickn^ 
of 0.0O5 inch was deposited, the pia was Iieat 
^ted at llOO'C for 4 hours in ai:eon. The 
heat toeated coated pia was thea subjected to 
a qychc oaidadan test as in Example 2 fbc 
120 hours at 1095 to 1135^0 foUowed by 
another 102 hours at 1150'C m air. A 
metallographic exammation levealed that the 
coating was completely sealed and a con- 
^nuous protecdve scale of AI.O3 formed on 
me surfoce. No detectable loss in coating 
thickness was noted. ^ 

H8:ampi:e4 

A nickel base superalloy (known as B190O 
and defined ia Example 3) cylindrical pin, 
isxcasurtng the same as in Ecaraple 1^ was 
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p]4^ sprayed with a ternary mixture of 
^lemeatal pwdeia sized 3a5^Jer n^i^suS 



finer, consSstfng rf 22 wt/o Cr 17 Al a?^«,!?u coatmg thidcncss tos noted 

^ OiMB inch was deposited, -^ ion ^ ^.^a^^^^ of A1 by diffb- 

heat treated at U0O°C to4 hom^ in «J^^ • ^ segment of tbc 

The hm treated irfu^JS^ fo^^^^fL"^ cydfcaHy oadi^ « 1200^ 

120 hours Bt 1095 to ll35"^feS^ *?5 5^ a wi^^S^ ^ckp^ss cry^i though most of 
another 102 hours UJO^ £^ if rht Al in ^ coathjig waa coRsiSed. 
metallographlc esrammaiion revealed that' the TTPAxravT? ^ 

ti.£d«« was nottd.^"^ '"^ ^ 

* treated coated pm ^ras 

ES^AJWTn•'R < suljieaed to the same cydic oxidation 

and defined in temdte 3S^^h^T ?^ 5; ^"aMserapWc eMmxnaiion revealed that 
plasma ^vtdl^ ^ Jr^^^^^^V V.^^ 5?^'^ ^os somewhat morts deaadS 

After a coatios thi^toess of 0.0D2 in^ wi^ EXAMPttj d 

for Jhft most part, to »n ^aPJ^^^^J*"* ^'='» » nasture of 

from tbe substt^ou^^ -^^tfeiif ^ an alloy pjpwder of Co— Ckv-Y 

spmymglSoditions, ^^^^T^^ SL.SS'rf^^l cTpft^r"^ ^ 
Sro«^ Sa^r,^ SjJ^^^SM^ o?&.^ 



70 



80 



85 



90 



95 



^rong the teat treamieQt. However, with^ 
em^on of this smaU fraction of oxidized 
™* ?L^^^*SP^ a soUd stTu^ 

was obtamed that provided adequate oxidk^ 
toon protection doting the o^dSS 
exposure aa given in Exanqfe 3. In fact, a 
broader band of S i^aincnifl* ^'tfetfoi^ 

EXAMPUB 5 



* ^ 5c£h argon in a 2-inch^, 
meter furnace. The heat treated coated bar 
™s then cydicaUy o^dized in c^^^ 
120 hoins at U50«C. No signified 
was observed and only mlaor iawmal oadd^ 
tion of the coating was noted- 



100 



105 



50 



55 



€0 



--_ ^ t** was piasma sprayed 

^ powdei^ Fe+ 12Al4^ 
25(>+0 4^^O, Cw^/O), siad 325 Tvte 
and finer. Ate a coating thickness of 
O.003 mch was deposited^ ihe coated rmi 
was heat treated for I6k hours at 1079 "C in 
«2 to form a iJealed coating. The phj waa 
then oversprayrd v?ith a plasma deposit of 
pore Al to a th ir k nesB of 0,0015 inch. The 



i«n v^ again heaTS^ted ffl^fiil^ ^ .iT ^ 9^ inches. Tbey 



^^^^=- The resulting mi^^^' 
had_ tiire jame$^ amilar to that hi Esamole 
5 with no pproaiiy. One segment of the coaxed 

^^^^^^ ^ * <«idaticia test 

at 115Q'*C aa in Bjwmple 2, and resulted 
in a contmnoos protective scale of AI^C^ 



nf fcft^'^IL- 1 — J*i?OTporanng » aispersion 
oLtJS ^ mciease the wear resist- 

ance of the coatwfr First, the series of coat- 
lAgs shown m Table 2 were tested for oxrda. 
S^^^SS:^^^.^^ ^ coadngs were Ol0050 
to a02S5 mch thidc and applied by rfaana 
aeposiJion to S-mch-ltmg by l/4-indi-di3:, 

as 713C over a lengdi of 2# iach«.^^ 



110 



115 



The first thuee coathigs A through C were 120 
SMkd^heat treatment in a hycS^ 
gtoe fw 4hnnrs at 900*C accordine to Hds 
iftw=nuon. Hie odier coaiingp D through O 
rqge^t typical oxidation resistant matdces 
wim hatd partide disp«sions, but are not 125 
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«|«^of tebs sal<d by a best trcaimcat 

Hie oxidation test ccmsisted bv evdii^^ 

5 Dexn^erature for a total of 120 houia. TjSe 
spaamens wcce held at lOOO^C for 24- hourB 
f !il f^I^ temperature for i ho^^ 
each q?de. After ttttinfi. tibe cr05$ section^ of 
the spccTO^s TOTS eawinmed Jnet^grapM- 

10 tally with thejcesiiltsshovm in 

evideut tbat the fiist two se^ed coatmg? (A 



8 



30 



ajul B) were superior to the lest. The third 
sealed coanpg (C) was better than thelSt 
but stiU imsatefactory smce it was cracR^. 
2?^- It rai be concluded that the volnme 15 
foactiou of oxide was too high to bHqw effec- 
tive sealiDg and/or resist thermal ahO(±. The 
CTOventicnal coatings probably jfailcd because 
the aijbstrate was ttzidized throngh xh^ porosity 

^^^"^ ^ coating/sSbstrate 20 

inlBtface was weakened and conldiiot with- 
Btand the thermal shodt 



TABLE 2 



Coatiag C3omposition> wt/o 
NiCr+9,2 A1+ 8^ AfcOa 
B-.59.7 NiCr+fi.fi AI+37.7 AI^o' 
C^BJZ NiCr+2.6 AH-74^ Allo^ 
2&7 HasteUoy X -h73.3 ALO^ 
92:2 HastC5ll<^ X + 7.8 AIJO^ 
F— 27^ Stellite 31 +72,1 Al,^ 
9 Gobolt +W WC 

^ Jteg^tered Trade Marie MCr 

^ a»ciou alumma known as linde 
C- and obtainable from. ITnion C^bidc Cor- 
^ a Kegfeiered Trade Mailt), 
rue WG — Co ooanng la Icnowa as XJCC 
gasma-depositBd coatmg W-^lO. The 
40 HastEsDoy X alloy is a trade name of Qbot 
CoreoraaiQa for a powder composirion of 

O^Mn, 9-0QM:q, 0.015S and re- 

AC S?*"?^^ P^^^ ^^^^ 31 i9 a Ttade 
^ Mark of Cabot Corporation for a pwder 

(KSSiy lO^Ni, OJMn^ 0.Q2P, 0.02slnd re^ 
maindar Co Qsfft/o), 

A second series of ejsperimenis was designftd 

50 to test The applicability of this type of coating 
Oft steel substrates. In the first experiment, 
a 1-indwwide by 304 stamlesa steel 

ring with 1/8-inch-thick wall was coat^ 
with a mimre of 53 wt/o of an aEoy of 

» Ffr-Cr ^0 wt/o Fe and 20 wt/o chromium), 
unalloyed Al and 57 J wt/o (50 
-vol/o) AlaOa CI JJOteon Liode C ahunina) 
to a thicimess of 0.007 inch. The ring was 
heat treated, for 12 hours in hydrogen at 

60 900°C to seal the matrix by reaction/dlfin- 
fiioTL It was then cydicalty ojddized for 120 
hours between 900*'C and about room tern- 
lienmire. Eacii cyde consisted of 2i hours 
St 900*" C and i hour at room temperatme. 

65 No degradation was observed visually or 
ine^Uograi^ikaUy. In a second exparimcnt 
sinnlar resiilts were obtained with a mixture 
of 59.8 wt/o of a l?ft— Cr alloy (80 wc/o 
M and 20 wt/o Cr)^ 6S wt/o nnaUoyed Al 

70 and 33^ wt/o (50 jnA/t^y AkOa a swcron 
Lmde C alumma). It was pdasma-deposiied 



AI3O, 
vol/o 

15 

50 

85 

85 

15 
«5 



Ojddatioii Results 
no degradation 
no degradation 
coating cnxd:ed 
completely spalled 
excessive spajling 
esce^ve spaUing 
coating osdizDi 



as a 0*0065-inch-thiac coating on a 1-inch- 

7flo2<-^ After sealing by heat treating at 
1^;2J^ ^-5- ^S*^ hydrogen, ic was 73 
cycht^y oadized as above. Only minor 
cracJdng was observed metaHographically. 

In another series of experunents, a series 
of conventaonal coatings and alloya was comr 
pared with a sealed NlCr— Al-^A^Oa prow 80 
duced according to the concepte p^sented 
here in a sslf-mating, high-temperature wear 
twt. The materials tested and the results axe 
shown in Table 3. The sealed coating of this 
myeniion was prepared by plasma depositing a 85 
rajactu^ of 59.7 wt/o of mCc alloy (80 w^^o 
Nl and 20 wt/o Cr), 6.6 wt/o Al, and 33»7 
wt/o AIbOs (1 micron linde C alumina) on 
HRsteallcy X wear test mating surfaces, such 
surfaces being the end faces of different size 90 
cylindrical members. One of the cylindrical 
members was rotated while contacting the 
odier member so that the friction interaction 
between the coated end faces ivill provide a 
depression or sc^r volume indicative of wear. 95 
The coatings were sealed by heat treating at 
1079*0 for 4 hours in argon. The Hastelloy 
QC specimens were uncoattd- The plasma- 
depostted Hastelloy X contained 7.8 wt/o 
AltOa (I micron Lihde C alumina). The' 100 
X.W^10 is a commemial plasma-deposited 
mixmre of 9 wt/o cobalt and 91 wt/o WC. 
One of the wear test surfaces was Totated at 
a speed of 45 rpm freJatfve speed between 
surfiices of 533 ft/min) at a temperatuie of 105 
650°C for a period of 7 hours under loads 
rf 100a 300* and 500 pa. It is evident tiiat 
the coatm? of this invention gave superior 
vear resis tance and oxidation resistance. 
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10 



15 



B-^Piasma Hasteflqy X-hAUQi» 
l^Wsaa^ laconel X 



Load 
(psO 
100 
300 
500 
100 
300 
500 
100 
300 
500 
100 
30O 
500 
100 
BOO 
500 



Scar Vol, ItHb • 
0 Coot jneasuEabl^ 
^^0 (not smaanCb^ 

40'l 
651. 

B?gft t» complete test 

252* 
3363. 

638, 
4590^ 
791 
740 
728 



20 



25 



30 



35 



Inconel is a R^istowi Trade JMaifc 



vow^^^axa: of at least twom^jT 
Md» .o£v*ich is selected from metal, 

^^t^^ds^ deported fa a sub«»dalfy 

- besdas said «»ated axrids in a nan^ 
ftOTB at least one of metals, meul aHovs. 
JateweftUfcs, metal Qrideri^^MS^" 
OJ«al citddes, metal bonds, metal 
find cennets, tauo lbe> as-depoOted mdooDa^' 



fiS 



70 



«„^J^^^ artWea In a 

a«MBdisms atuu^tee gt a tempeiatnre 
wad for a tune period sufficient to ca«sr tiie 
substantidly «aieacttd matedals in the under- 
^ layer to react/diffiiM tc^eiiiEp isithout 

tneteby fiixmin^ a stibsiantiBUv sealed nadep- 
coat ]^*r. 

^JL^Z. V'"^ jwodndi^ a oorrosiim 
MSfitant diq»lez eoated arddfi comprisine: 

tt^quBs to undercoat campt&ng an 
u^ma^ rarnme of at least tro^i^ala. 
eadi of \rludi u sefccted irom metals, aUoy^ 
and mtermfitalfics, onta an attilde sndi t&»t 
^^^^.^ dei««ited in a substantially 

M lieaiing ^ coated article in a nott- 
oTHfi s mg atmospheiB at a tenaieiatate and 
tuae period snffideot to caose die sub- 
stantially unreaaed materials in the under- 
cpat layec to react/diffuse together without 
Significant leactma nidi the nndedyine artkte 
60 d)£icl7 fomiing a sttbstantlsilly saled nndep- 
coat layer; and 

fJ^ ° mimaty coating sebcted 

Cnnn at least ooe of: 



40 



•IS 



50 



Mode^ metal carbide^ netal aftridra. ^Sl 
boadcs, necal siliddes, and eenn^^^^ 

Ptodndng a dq>le« layer ha^fiTe^toT 
«Mg5ion-re<ri9tant cfaaiarteristis^^ e«sileiit 

Of 

Subject to dm forgoins disclaimer 

, 1. A pEoons iSor praduciner a cocrosion «e- 
sjstant coated atticfc compdsangP 

««lnf«i5*^*^£.- ^. P*"™* deposition 

5 JLi^"" materiaj% eadi of wMch hf 
ftMn metals, aIloy% and ban^ 
nxetalh^^ oato an ardde such diat die 
S'l.SSr^ ' sub^antiaBy nn. 
to heaaSng said coated aitide ia a wm- 

^T!SL.'''°"iS^^" " »»P«ati«c and 
2?Js.^ P*"^ snffiaeat to cause the gub- 
stanuaOsr umeactsd matErials in the coated 
"^/^^ •«eedwr wSt IS^ 
teacoon with tlie tmdedyins a^ 
dwaeby f oimmg a sdbstaotially se^ coSo^ 
Mon lesiBtant l^yer. 

daimed in da&n 1 \rfjerein 
*ft metals ar* selected feannidBei, aliSS^ 
ort^iron, ctepmiim^ copper, j^^SZ: 
^jesneo, a^buun, tantalum, ^to^^ 
TOnadiam, hafiiium, ttouAnn, zinc and 
^^T* '''^ « from 

^ in»im«amcs at, selected feom the int«- 
metallics of the above metals. 

eaA of^ matenals in step a) is srfS 
a>pper, molybdamnu nmsstEO. nioWnS 
fiafiomo^ zmci mangsnesc^ aicSmnne, sflkra^ 105 



80 



85 



90 



95 
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iroD-diroimiam aD^jraj, iton-chromium inier- 

ctormn latemie^'cs, mcfcelVhrmiS 
^ silic<Xtt_ aHoys, iiickel^-chroiriiuiiKsiHcQii inter-. 

ccbalt-clKDmiiwi allt>ys, cobS^ 
cobaIt-c:hronuum.-siham intennetalHcs, iron- 
clttQimum-siKcon alloys, irfln^cWinml 
silicon intermetaJlics, kon-cbramimn iSw 
ront aiyng rare earth addititais, nidc^- 
ID cairomnmi alloys containing rare earth addi^ 
Uons, cobolt^orofami alloys containiafi: 
Ja« earth additionB> copper-aluminum alloys 
am CDpper-alumiaum inteianetaUics. 
i« '5^^?'^ itt claim 3 whei^^^ 

15 ^ material of the iatide is sdectcdft^ 
base alloys of Re, and Co; and wh^dn 
in 5t^ a) one of the matetiab h almmnum 
ana tfie otbcr material is selected from ieqih 
chroimum alloys^ nrcked-chroniiim aHoya and 
20 cobalt^hronwum alloya; 

5» The process daixned in daim 1 -wherein 
aji additional step is added after step b) as 

c) snbjecting tfie coated ardcte to an atrao^ 

25 . spbexe selected ftom a» osidiang annospheie. 
acarbudzin^ atmosphexei a nitnding amio- 
apher^ a bonding atizio^phBE& aod ftolidding 
atmo^bere for a tiine period and a tem- 
perature sufficient to react the fwfl^i> Tm ia 

30 the atmosphere \?idi the surface of tbe coated 
layer thereby providing a surface layer of die 
reacted mediuni on said coated artide, 

6. Tbe process dfiiin(3d ia dahn. 4 \?herein 
after step b) the foUowing step is added: 

35 c)^ sidajecdng Jlw coated ardcic tn- an 
* ozmms eovtrcmmeat for a tone peciod and 
ax a temperatare soffldent ta oaddlze the sas^ 
face of the coated layer theidiy pciradnig an. 
oxidized layer on saxd coated artide, 

40 7. Ite process dahned hi daim 5 wherdu 
the meoiuni iXL the environmenc is pzttseot hi 
a su^cient amount and imd^ a partial pres- 
sure so as to effecdYdy react ihe medium 
with one of die dements on the surface laver 

45 of the coated artfde. 

8« The process dahned in daim 4 "vTherein 



10 



the aluimnum propordoa is present in an 
mount betvFeen 8 wt/o and about 25 wt/o 
the total coating composition, and 
«ironuum propordon is present ia an amotuit 50 
between about 10 wt/o and about 25 wt/o 
the totel coating composition- ' 

9. The process daimed m daim 8 wherein 
a^re eardi dement la present in an amount 

^'^^ Wo ^ about 5 wt/o 5S 
the total coating composition- w w 

^10. The process claimed ia dBim g wherein 
aucon IS presont m an amount between about 
0.1 wt/o and about 5 wt/o the total com- 
pDsitum. ^ 

ll, The^ process daimed in daim 3 wherein 
ffie mareml of the artide is selected from 
Nb, Ta and Mo; and wherein in step 
a) one of the materials ia silicon and the 
other matenal is adccted fe»m mobmnu 63 
tungsten, chronuum^ titanium, vaoqdium* 
^^S^'SP^ bOEon, iioa and manganese* 
♦T. • piuceas dauned fa daua 3 whereia 
the matJSiml of me article is coppet base alloy 
and wherein in step a> the materials aie^ 70 
ammmum and a copper base attoy. 

13, The process daimed in daim 3 wherein 
particles are plasma deposited ahmg with the 
coating maDenals, said parddes beiiig sized 
between about O.OI micron and about 50 75 
microns; presenr in sufBdcnt quanidcry to 
occupy between about 1% and ahout 75% 
<rf the volume of ^ coatings and sdectcd 
from metal oxides, ntetal carbides, metal 
bocide?^ metal nitrides, and metal <^^nA ^, tQ 

14- A process as claimed in cMm 1 and 
snbstantrafly as hereinbefore described with 
reference to the Example^, 

15. Coated arddw, whenever produced by 
Che process daimed in any one of daims 1 85 
to 14. 



P. THOMPSOK & CO., 
12 Churdi Street, 
Liverpool Ll 3AB, 
Charmred Patent Agents. 



whidLoopiesmAy baobtaitoaS* wFv**oii*.x, www 



PAGE 19f19*RCVDAT1iU18f2l)0S 3:40:13PM (Eastern Dayfiglitriine]<SVR:USf^^^ 



